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1 Introduction

TSG RAN has approved the new 4x4 MIMO feature for HSDPA as described in RP-111393, [1]. 

According to [1] an initial work plan for RAN 4  core part was established.
Because of the need to complete other work items, the work on this feature has been delayed. However it should be noted that the core part is meant to be finished in September 2012 and the performance part is meant to be finished in March 2013. 

A new work plan is presented in a companion document [2]. 

RAN 1 has already considerably progressed the work , however some aspects of the design of the scheme are still to be agreed in RAN1; Nonetheless the work required for RAN4 core and performance requirements can start. 

In this document we start the discussion with an overview of the core requirements which will be affected by the introduction of this new feature. Document [3] provides the same discussion for performance requirements.

2 Impact of 4x4MIMO on core requirements

Base Station core requirements

In general the BS transmitter core requirements are expressed for a single transmitter antenna connector. In case of 2x2 MIMO transmission, the requirements apply for each transmitter antenna connector. The same generic handling can be assumed also for 4x4 MIMO transmission. 

Section 6.2.1:
Base station maximum output power

Maximum output power, Pmax, of the base station is the mean power level per carrier measured at the antenna connector in specified reference condition.
The rated output power, PRAT, of the BS shall be as specified in Table 6.0A.

Table 6.0A: Base Station rated output power
	BS class
	PRAT

	Wide Area BS
	- (note)

	Medium Range BS
	< +38 dBm

	Local Area BS
	< + 24 dBm

	Home BS
	< + 20 dBm (without transmit diversity or MIMO)

< + 17 dBm (with transmit diversity or MIMO)

	NOTE:
There is no upper limit required for the rated output power of the Wide Area Base Station like for the base station for General Purpose application in Release 99, 4, and 5.


For Home BS the maximum output power is reduced in case of MIMO to take into account the power split on each antenna. In case of 4x4MIMO this should be further reduced by 3dB, hence for Home BS the requirement will be 
	Home BS
	< + 20 dBm (without transmit diversity or MIMO)

< + 17 dBm (with transmit diversity or 2x2 MIMO)
< + 14 dBm (with 4x4 MIMO)



Maximum Output Power Tolerances

Currently the BS shall comply with the following requirements:

In normal conditions, the Base station maximum output power shall remain within +2 dB and -2dB of the manufacturer's rated output power.

In extreme conditions, the Base station maximum output power shall remain within +2.5 dB and -2.5 dB of the manufacturer's rated output power.

No impact is foreseen for the MOP tolerances
Section 6.4:
Output power dynamics
Inner loop power control in downlink is not affected. 

The power control dynamic range which is the difference between the maximum and the minimum code domain power of a code channel for a specified reference condition is defined as follows:

Maximum code domain power:
BS maximum output power - 3 dB or greater

Minimum code domain power:
BS maximum output power - 28 dB or less
The total power dynamic range is a relative measure and it can be considered to be applicable for MIMO 4x4 as well.

Section 6.4.4:
Primary CPICH power

The requirement for the Primary CPICH power is not affected by the introduction of 4x4MIMO. The same requirements in terms of accuracy shall be maintained.

Section 6.4.4A: Secondary CPICH power

The S-CPICH has been introduced for MIMO operation as the pilot for the secondary antenna. The power level of the secondary CPICH is defined as the sum of the P-CPICH power and the power offset which is signalled to the UE via an information element. The requirement is defined as he difference between P-CPICH power transmitted at the first antenna connector and the S-CPICH power transmitted at the second antenna connector: This shall be within ±2 dB of the IE “Power Offset for S-CPICH for MIMO”.

When this study was carried on some companies showed negligible performance loss due to inaccuracy of the S-CPICH w.r.t P-CPICH while other companies showed some degradation. In order to take into account these discrepancies it was mentioned in the specifications that the accuracy level of the power offset for S-CPICH may affect both MIMO HS-DSCH demodulation and CQI reporting performance.
 In RAN 1 it was decided to use 2 additional Secondary common pilots, S-CPICH2,3, which would be used by the UE in order to perform correct channel estimation on all the received links. The power level is defined as for the legacy S-CPICH as the sum of the P-CPICH power and the power offset which is signalled to the UE.
RAN 1 has agreed to consider S-CPICH2,3 power level as -19dB as a tradeoff between sufficient 4x4 performance benefits and small impact on 2x2 UEs in a 4x4 MIMO cell. 

Even if the FRC may change because of the introduction of 4x4 MIMO, because of the definition of the S-CPICH2,3 power level as an offset w.r.t P-CPICH we expect similar performance degradation for 4x4 MIMO compared to 2x2 MIMO because of inaccuracy in the power level knowledge. It has been shown in RAN 1 that 4x4 MIMO is not sensitive to pilot power level at low geometry level, while it may be sensitive at high geometry level.  

The same approach as for legacy 2x2 MIMO can be considered here and possibly further studies may be needed before concluding on this matter. 

Note that again if VAM is used, this accuracy test is useless as the relative accuracy will be 0.

Initial simulations will be provided in the next meeting by considering the additional secondary pilots.

Demodulation CPICH power

Under 4x4MIMO in addition to S-CPICH pilots which are considered for the CQI reporting, one or several Demodulation –CPICH (D-CPICH) can be transmitted by the NodeB in order to improve the performance at high SNR. 

The power level of the D-CPICH is likely to be higher wr.t. the S-CPICH 2 and 3, in the order of -13dB. The offset level is defined w.r.t P-CPICH as for legacy S-CPICH. Also in this case the accuracy of the power level should be addressed. Simulation results may be needed before concluding on the particular aspect. 
Initial simulations will be provided in the next meeting by considering the additional secondary pilots.

Section 6.4.5:
IPDL time mask

This requirements define the BS output power during the idle period. No impacts are foreseen for this requirement.
Section 6.4.6
Home base station output power for adjacent channel protection

The Home BS shall be capable of adjusting the transmitter output power to minimize the interference level on the adjacent channels licensed to other operators in the same geographical area while optimize the Home BS coverage
This section shall be updated in order to take into account to introduction of 4x4 MIMO via a further dB reduction in power level:

Table 6.3: Home BS output power for adjacent operator channel protection

	Input Conditions
	Output power, Pout

(without transmit diversity or MIMO)
	Output power, Pout

(with transmit diversity or 2x2 MIMO)
	Output power, Pout

(4x4 MIMO)

	Ioh > CPICH Êc + 43 dB

And CPICH Êc ≥ -105dBm
	≤ 10 dBm
	≤ 7dBm
	≤ 4dBm

	Ioh ≤  CPICH Êc + 43 dB

and CPICH Êc ≥ -105dBm
	≤ max(8 dBm, min(20 dBm,  CPICH Êc + 100 dB))
	≤ max(5 dBm, min(17 dBm, CPICH Êc + 97 dB))
	≤ max(2 dBm, min(14 dBm, CPICH Êc + 94 dB))


Sections 6.6: Output RF spectrum emissions

The Occupied bandwidth is not affected by the introduction of additional antennas as in 4x4 MIMO scheme.
Out of band emissions depend on the maximum output power. No impact is foreseen.
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the RRC filtered mean power centred on the assigned channel frequency to the RRC filtered mean power centered on an adjacent channel frequency. ACLR is a relative measure, Pwc / PAdj≤β.

If the maximum power in the wanted carrier is reduced by 6dB, the power emitted in the adjacent portion of the spectrum will be as well scaled accordingly, hence the same ACLR limit can be achieved per antenna connector.

Of course the composite signal should also satisfy the same legacy ACLR requirements. It was shown in R4-114399 [4] that this is the case. Hence there is no impact on ACLR.

Spurious Emissions apply per antenna port and no impact is foreseen.

Coexistance is applied per antenna port, no impact is foreseen. 


Section 6.7: 
Transmit intermodulation
The transmit intermodulation performance is a measure of the capability of the transmitter to inhibit the generation of signals in its non linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter via the antenna.
The requirements are defined wrt out of band emission or the spurious emission requirements.  No impact is foreseen for transmit intermodulation.

Section 6.8: 
Transmit modulation
Transmit modulation is specified in three parts, Frequency Error, Error Vector Magnitude and Peak Code Domain Error.
The transmit pulse shape filter is not impacted by the introduction of 4x4MIMO.

As shown in [5] if the same legacy EVM requirements are applied per antennas, the amount of error seen by the UE receiver may be increased.

It was shown that the EVM can be bounded as
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Where the upper bound can be obtained when the EVM are fully correlated on each branch and the channel is fully correlated on each 4x4 branch, which is a highly unrealistic case. Whenever the EVM random variables on the two branches are totally uncorrelated, the EVM is not increased. When there is a correlation ( between the EVM random variable (for simplicity the same level of correlation between each branch) the inequality above becomes 
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With (([0,1], when again the upper bound is achieved when the channel is fully correlated.
It should be noted that the EVM value may depend on the transmitted power level depending on the PA implementation. Legacy BSs satisfy the current requirement in 25.104, i.e. the maximum EVM value should <= γ % for each transmit power level. It can be also assumed that the EVM at P-6dB can be slightly reduced.

Because of the justifications above, we do expect a negligible impact on the UE receiver due to the possible slight increase of the overall EVM for QPSK and 16QAM.

The same handling for the peak code domain error.
Section 6.8.4:
Time alignment error
So far the requirement applies to frame timing in Tx diversity, MIMO transmission, DC-HSDPA, DB-DC-HSDPA, 4C-HSDPA, NC-4C-HSDPA, 8C-HSDPA and their combinations.

Frames of the WCDMA signals present at the BS transmitter antenna port(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna port(s) experience certain timing differences.

For a specific set of signals/transmitter configuration/transmission mode, Time Alignment Error (TAE) is defined as the largest timing difference between any two signals. For legacy MIMO or TX diversity transmissions, in each cell, TAE shall not exceed ¼ Tc=65ns.
MIMO performance may be sensitive to time misalignment between the branches. And more discussions maybe needed before concluding on this matter. It should be noted however that if the same legacy requirement is applied, i.e. the maximum time misalignment between any two branches should be less than Tc/4, the level of accuracy the BS has to achieve to guarantee this performance is higher compared to the 2x2MIMO legacy case. This should be kept into account when discussing further this matter. However, one could consider ¼ Tc=65ns as a starting point of the discussion.
Section 6.8.5
 Relative Code Domain Error for 64QAM modulation
The Relative Code Domain Error is computed by projecting the error vector (as defined in 6.8.2) onto the code domain at a specified spreading factor. Only the active code channels in the composite reference waveform are considered for this requirement. The requirement for Relative Code Domain Error is only applicable for 64QAM modulated codes.
Due to the particular sensitivity of the relative code domain error for 64QAM modulation, some simulations may be required. However note that if the assumptions of completely uncorrelated channels and completely uncorrelated EVM hold then if the BS satisfies the EVM per branch, it will satisfy as well a composite EVM requirements. However, depending on the  modulations used on both the transport block the allowable EVM may change (whether 64QAM is applied on both the transport blocks or only to one transport block). More discussion may be needed before concluding on this matter.

3 Conclusions
 In this contribution we have started the discussion on the impact of the introduction of MIMO 4x4 on BS core requirements. Some aspects need to be discussed further in particular, EVM and its impact on 64QAM, Time alignment error, S-CPICH and D-CPICH power level accuracy. In the coming meetings initial simulation results and proposal for parameter alignments will be provided.
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